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INTRODUCTION 
For many years, workers in these laboratories have been study¬ 
ing the behavior of conjugated dienes which are also known as di-ole¬ 
fins. These studies have concerned the preparations and reactions of 
compounds having the following general formula: 
H H H H 
i i i i 
X -C — C - C — C -Y 
In several of the studies undertaken, nX" has been: p-nitro- 
phenyl, p-chlorophenyl, m-chlorophenyl, o-chlorophenyl, p-bromophenyl, 
m-bromophenyl, p-iodophenyl, p-methylphenyl, m-methylphenyl, p-car- 
boxyphenyl, p-carbomethoxyphenyl and p-carboethoxypheny 1, and "Y" has 
been phenyl and hydrogen. 
Flora Evans (19^8)'*' prepared l-(p-carboethoxyphenyl)-li-phenyl- 
butadiene-1,3, and studied its behavior upon the addition of bromine. 
The present work, a continuation of these studies, deals with 






History of the Problem 
Addition reactions of conjugated dienes have been the subject 
2 
of much experimental work since it was discovered by Fittig and 
Baeyer^ that compounds having two conjugated double bonds add one 
mole of hydrogen to the l,li- or terminal carbon atoms instead of to 
the 1,2- or 3yh- carbons as might be expected from a study of 
additions to mono-olefins 
In an attempt to explain this anomalous behavior, Johannes 
Thiele'’ formulated the theory of partial valencies, in which he 
attributed the addition behavior of dienes to an incomplete satura¬ 
tion of the affinities of the doubly bound carbon atoms. These were 
thus regarded as possessing free partial valencies, also known as 
residual affinities. 
In butadiene-1,3, in which the double bonds are at alternate 
positions, the partial valencies of the central carbon atom could 
neutralize each other, leaving free partial valencies only at the 
l,k- positions. These valencies were represented by dotted lines 
added to the ordinary structural formulae, and their mutual satura¬ 
tion was represented by uniting two of these lines into a loop, thus: 
12 3k 
C = C - C = C 
3 
12 3 h6 
C - C - C-c 
According to the theory, the partial valencies of the 2 and 3 
carbons would tend to satisfy- each other, leaving only the partial 
7 
valencies at carbons 1 and i; free to absorb reagents. 
Thiele's theory seemed to explain much that was then known 
about l,lt- addition, however, it failed to explain instances in 
which the 1,2- product of addition was formed. The theory met with 
disagreement and eventually fell into disfavor, while various other 
theories were proposed to explain diene addition. 
8 
Gilletu suggested that the initial addition to conjugated 
diene systems occurred in the 1,2- position, followed by the migration 
of the added substance from the 2 to the U position. 
o 
Burton and Ingold suggested a modification of Gillet's mechan¬ 
ism in which, for example, the diene adds bromine in the 1- position 
producing a positive ion whose charge is distributed over the other 
three carbon atoms. Addition of the second bromide ion may then 
proceed in either the 2 or U position. This mechanism is dependent 
on the presence of an ionizing medium which would permit initial dis¬ 
sociation of the bromine. In a non-ionizing medium, this dissociation 
would not occur and only the 1,2- dibromide would be formed. 
The Hinrischen view was that the type of addition to conjugated 
systems is a function not only of the conjugated compound itself, but 
also of the addendum. 
The reactions of substituted butadienes have also been shown to 
il 
11 
be at variance with Thiele’s theory. Miskat and Huggins, for example, 
found that the chlorination of phenylbutadiene yields the 3,4- 
dichloride rather than the l,ii- derivative which Thiele’s theory pre¬ 
dicts . 
12 
In 1923, Lowry suggested that the double bond reacts as if 
it contained one covalency and one electrovalency. He describes bonds 
of this type as mixed double bonds. Butadiene, then, is formulated as: 
+ - - + 
CH2 - CH - CH - GHg 
illustrating what is described as an ability to develop positive and 
negative charges on alternate atoms by the activation of the double 
bonds. Under this scheme the distinction between single and double 
bonds in a conjugated system disappears completely. 
Assigning this type of formula to butadiene would provide a 
system similar to a chain of magnets in which the central atoms 
neutralize each other, leaving an external field about the terminal 
atoms. 
 H.C 'CHV=SGH 3^CH0 
17 
The presence of this external field at the ends of the molecule 
can be used to account for 1,1*. addition. 
13 
Lapworth and Robinson suggested the initial activation of one 
of the double bonds followed by a movement of one of the charges which 
developed to the next atom in the chain and a redistribution of coval¬ 
encies 
5 
>c =■ C - C - C<->>C - C - C — C< —>>G - c — c - c< 
This process of consecutive electron displacement has been 
termed by Ingold^ an "electromeric change". 
Another view‘d regards butadiene as having four contributors to 
its structure, the main contributor being the normal form. Resonance 
and molecular orbital theories symbolize this structure as shown below: 
CH2 : CH • CH : GH^ 
There are said to be minor contributions from these forms: 
-CH2 - CH = CH - CHg- 
+ — 
CH2 - CH = CH - CH2 
— 
CH2 - CH = CH - CH2 
These forms give 20 per cent of double bond character to the central 
carbon to carbon double bond. 
The illustration of bonding in the conjugated system gives, in 
the opinion of Huekel1^ an incorrect picture of the distribution of 
the electrons because of the mobility of rrelectrons which are dis¬ 
tributed over the entire system. He suggests as a model, three bonds 
affected by three pairs of electrons between the four butadiene atoms, 
and superimposed upon these bonds, the effects produced by the rr 
electrons. This model is illustrated in the following manner, using 
lines for bonds of the first type, and dots to show the effect of the 
TT electrons. 
î^C ■... C ... » C • • • • CH2 
H H 
6 
A representation of the same idea is given by Sykes in which 
the proposal is that rrorbitals cover all four carbon atoms. The 
electrons are delocalized, spread over the entire system in two 
orbitals resulting in a region of negative charge above and below the 
plane of the molecule. 
CH2 - CH - CH - CH2 
(  ) 
Support for this view may be found in measurements of the bond 
lengths. Delocalization would be expected to provide additional 
stability. That additional stability is present and evident from the 
fact that the distance between the central pair of carbon atoms is 
o 
I.ll9 A which is less than that to be expected of a typical single bond 
0 17 
(1.5k A) but more than that of a typical double bond (1.3k A). 
19 
Muskat and Becker studied the behavior of substituted 1,3- 
butadienes and developed an electronic structure for the conjugated 
system which resembles that of Lowry and assumes relative charge 











Y - C = C 
+ — -h 
H H 
i l 
C — C - H 
The charge on each atom is said to depend on the displacement of each 
octet of electrons as influenced by the directing group X- or Y+. 
Properties of Conjugated Systems 
Among the characteristic properties of conjugated systems are 
included: the absorption of ultraviolet radiation, the addition of one 
7 
or two moles of hydrogen and halogens, polymerization, and the addition 
of activated olefinic compounds to yield hydroaromatic systems. The 
last mentioned reaction, known as the Diene Synthesis or Diels Alder 
Reaction, has been used as a diagnostic test for determining whether 
1LÔ the double bonds in a diene are conjugated or not. 
Additions of one mole of halogens or halogen acids to conjugated 
systems having substituents on one or more of the carbon atoms have led 
to interesting results. 
20 Farmer, Lawrence and Scott found that addition of bromine to 
2,3-, 1,1*-, and 1,3-, dimethylbutadienes yields mixtures of dibromides 
with the 1,1*- product dominating. 
Huggins^1 found that HC1 and HBr add to phenylbutadiene in the 
3,1*- position with the halogen attaching itself to the 3 carbon atom. 
Grimsley found that hypochlorous and hypobromous acids also 
add in the 3,k- positions of phenylbutadiene with the halogen, however, 
attaching itself to the 1* carbon rather than the 3 carbon. 
Waters^ reports that 1,2 addition amounts to as much as 96% in 
the l,!i-diphenylbutadiene. He suggests that vicinal addition in a con¬ 
jugated system results from local activation of a double bond, whereas 
terminal addition would indicate a spread of polar activation through¬ 
out the system. 
In studies of the bromination of vinyl acrylic acid by Muskat, 
1* 
Becker and Lowenstein and the chlorination of vinyl acrylic acid by 
19 Muskat and Becker it was found that halogens added in the 3,1*- posi¬ 
tion in both instances. 
Evans^ found that l-(p-carboethoxyphenyl)-l*-phenylbutadiene-l,3 
22 adds bromine in the 3,1*- positions. Tuggle found that addition to 
8 
1-(p-carbomethoxyphenyl )-4-phenylbutadiene occurs in the 3,4- position. 
p*I 
Baskerville found that l-(p-nitrophenyl)-4-phenylbutadiene-l,3 adds 
chlorine in the 3,4- position. 
Reactions included in this study 
In the present study, the diene (ill) was prepared by the 
Meerwein reaction^ between cinnamylidene acrylic acid (i) and the 
diazonium salt (il) of ethyl p-amino benzoate. Cinnamylidene acrylic 
acid was prepared by refluxing cinnamaldéhyde and malonic acid with 
21 
pyridine on a water bath for six hours. 
Cinnamylidene acrylic acid 
H H COOH 
i i i 
C = C - CHO + CHg 
COOH 
H H H H 
till 
C — C - C = C - COOH + C02 + HgO 
Cinnamylidene acrylic acid 
(I) 
P-carboethoxybenzenediazonium chloride 
C2H5OOC NHg NaN02 -f 3HC1 
Ethyl p-amino benzoate 
C2H5OOC 
+ - 




1- (p-Carboethoxyphenyl ) -l*-phe nylbu tad.iene-1,3 
CUCI2 
(I) 4- (II) (CH ) CO 
 1-i- > 
NaC2H302 
C02 -h HC1 
1- (p-carboethoxyphenyl ) -l;-phe ny lbut adi e ne-1,3 
(HI) 
Diels Alder derivative 
The diene was refluxed with maleic anhydride in xylene to pre- 
2< 















Maleic Anhydride Adduct of Diene 
10 
Chlorination product 
The diene was chlorinated by the addition of a previously 
standardized solution of chlorine in carbon tetrachloride to a solution 
of the diene in chloroform in a manner similar to that described by 
26 
Jones and Williams. 
(Ill) -f Cl2  > VT8
012°2 
(17) 
There are three conceivable modes of chlorine addition. They 
are 1,2-, 3,h-, and l,lf- addition. These products would have the 
following structures: 
1,2- addition product 
CgH^OOC 
3,U- addition product 
C^OOC 
1,1*- addition product 
C HJDOC 
J 5 
Oxidation of the dichlorobutenes 
In order to determine which of the possible products was formed, 
(17c) 
-li¬ 
the dichlorobutene was subjected to oxidation by a standard permanganate 















Benzoic acid m.p. 122ç 
C2
Î%00C<^ ^ COOH -f- 
Monoethyl terephthalate m.p. 169-171° 
/=\? ? 
Vit èi 
<={_, p - dichloro hydrocinnamic acid m.p. 3i|C 
~h 
p-carboethoxy - oC - chlorophenyl acetic 
acid 
COOH 
oC- chlorophenylacetic acid m.p. 60-1° 
12 
In the case of exhaustive oxidation, the formation of terephthalic 
acid might also have been expected. 
terephthalic acid 
(sublimes without melting above 300°) 
Measurement of the Ultraviolet Spectra of the Diene and the Dichloro- 
butene 
The ultraviolet spectra of the diene and the dichlorobutene 
were recorded. The diene showed absorption between 267 and 381 milli¬ 




In a discussion of diphenylbutadiene, Muskat and Northrup 
observed that the electrons of the phenyl groups must be considered a 
part of the conjugated system. In a discussion of this question, 
Waters^ notes that there is no difference between initial addition at 
one end or the other of symmetrical conjugated compounds, but with 
unsymmetrical compounds, the addition will occur at the position 
requiring the least activation energy. He also states that it is 
necessary to recognize reversible inductomeric changes in the meso- 
meric state of benzene whereby electronic charges may be absorbed by 
or provided from aromatic rings. Conjugated substituent groups pro¬ 
vide the origin or seat of this displaced charge. 
2g 
According to Sheehan in cases of alkyl or alkenyl deriva¬ 
tives of aromatic nuclei such as toluene and styrene, the aliphatic 
13 
and aromatic parts of the molecules can modify the reactivities of each 
part. The ethenyl group in styrene, then, becomes part of the bonding 
system of the benzene nucleus leading to extra stabilization of 
styrene. This is another indication of interaction between an aromatic 
nucleus and its substituted groups. 
The CgH^COO- group is classified as an electron attracting group 
2 9 
by Fieser and Fieser. Such a group, when substituted on an aromatic 
ring, induces a drift of electrons in its direction, thus decreasing 
the electron density at all positions in the ring. 
It may reasonably be supposed that the effect would be trans¬ 
ferred to the aromatic ring, and that this action might also decrease 
the electron density on the carbons nearest the carboethoxyphenyl 
grouping. 
30 
Hine says, ‘'Since the double bond behaves as a nucleophilic 
reagent in the addition of halogens, it is reasonable to expect 
electron donating groups to increase the reactivity of olefins toward 
such reagents." Conversely, then, it would be expected that electron 
withdrawing groups would have the opposite effect, decreasing the 
reactivity of the nearer double bond toward the electrophilic chlorine. 
Consequently, the more likely point of attack would be at the 
3,h double bond, and the 3,i| dichlorobutene (IVb) is to be expected. 
Observations and Conclusions 
A product was isolated from the oxidation mixture which was a 
cream-colored crystalline substance which melted at 82—81*.°. This 
seemed to indicate the formation of oC, -dichlorohydrocinnamic acid, 
which could only have been formed from the oxidation of a 3,U-dichloro- 
butene with the structure 
It was concluded that the substituted carboethoxy group attracted 
electrons from the phenyl group and from the nearer double bond, making 
it less susceptible to electrophilic attack by chlorine, which then 




Preparation of Cinnamylidene Acrylic Acid 
Malonic acid (180 g., 1.73 mole), cinnamaldéhyde (180 g., 1.36 
mole, 162 ml) and pyridine (ll+O g., 1.77 mole, 93 ml) were placed in 
a round bottom flask fitted with a reflux condenser and refluxed at 
95 degrees for 18 hours. The brownish yellow liquid which resulted 
was converted to a yellow, curdy precipitate upon hydrolysis with an 
ice cold solution of 80 ml of concentrated sulfuric acid dissolved in 
150 ml of water. 
The precipitate was collected by suction filtration and then 
dissolved in sufficient hot concentrated acetic acid to bring it into 
solution. Upon cooling, this solution yielded a yellow crystalline 
precipitate which was filtered and dried at the water pump. 
Recrystallization from benzene yielded white flaky crystals 
which melted at 165 degrees. Yield: 83.1; g.$ O.I4.8 mole; 35»21$. 
Preparation of 1-(p-Carboethoxyphenyl)-l;-Phenylbutadiene-l,3 
To 210 ml of 30$ hydrochloric acid was added 29 g. (0.18 mole) 
of ethyl-p-aminobenzoate with constant stirring. The resulting 
suspension was cooled to 0° in an ice-salt bath. This suspension was 
diazotized by the addition of a solution of 12 g. (0.18 mole) of 
sodium nitrite in 21; ml of water over a period of 30 minutes, during 
16 
which time a yellow solution of the diazonium salt was formed. 
The diazo solution was added dropwise with stirring at 0 to 5° 
to a mixture of 30.5 g. (0.177 mole) of cinnamylidene acrylic acid, 
9.6 g. (0.097 mole) of copper II chloride, and 41.76 g. (0.51 mole) 
of sodium acetate in 28 ml of water, and 420 ml of acetone contained 
in a 2000 ml three-necked flask fitted with a mechanical stirrer. The 
reaction mixture was stirred for three hours at room temperature after 
which a brown layer and a green layer were observed. 
The reaction mixture was then steam distilled from the same 
vessel yielding a brown gummy mass which settled to the bottom of the 
vessel. After the mixture had cooled, white crystals were observed 
in the liquid phase. 
The crystals were extracted from the liquid phase with benzene. 
The brown solid was dissolved in benzene and the benzene solution 
washed with dilute HC1, dilute NagCO^, and water, and then dried over 
anhydrous NagSO^. 
When the solvent was removed, yellow crystals were obtained. 
These were recrystallized from ethanol. 
_p 
Yield: 6.20 g., 2.2 x 10 moles, 12.3$ of theoretical yield, 
m.p. 128°. 
Anal. Calcd. for C-^^H^gOg: C, 81.98; H, 6.51; 0, 11.49. 
Found: C, 81.13; H, 6.8O; 0, 11.75. 
Preparation of the Maleic Anhydride Adduct 
l-(p-Carboethoxyphenyl)-4-phenylbutadiene-l,2 (0.0877 g., 3.1 
x 10 ^ moles) and maleic anhydride (0.0350 g., 3.6 x 10"^ moles) were 
IT 
dissolved in 40 ml of thiophene free benzene and refluxed for two 
hours. When the solvent was removed, a white mass was obtained. 
Recrystallization from ethanol yielded O.OO69 g. of a white 
crystalline solid which melted at 209 degrees. Concentration of the 
mother liquor yielded 0.07^1 g. of a cream-colored substance having a 
melting point of 105°. 
Chlorination of the Diene 
l-(p-Carboethoxyphenyl)-4-phenylbutadiene-l,3 (1.5 g., 5.2 x 
10~3 moles) was dissolved in 10 ml of chloroform in an Erlenmeyer 
flask, lb this was added dropwise 17.9 m.1 of a solution of 5-2 x 
10“3 moles of chlorine in carbon tetrachloride. The mixture was 
tightly stoppered and well stirred with a magnetic stirrer and allowed 
to stand overnight. 
The solvents were removed by vacuum distillation leaving a 
yellow oil. When the oil was stirred with petroleum ether, white 
crystalls appeared immediately. These were recovered by filtration. 
Yield: 0.2203 g., 6.3 x 10“^ mole, 12.11$ (based on a mole¬ 
cular weight of 3^9 for the dichlorobutene) of a solid melting at 
103-105°. This solid gave Beilstein's test for the presence of halogen. 
Anal. Calcd. for C^H^OgClg: C, 65.3^; H, 5.19; 0, 9.16; Cl, 
20.30. Tbund: C, 65.86; H, 5.615 0, 9.7^; Cl, 18.19. 
The diene (1.50 g., 5*3 x 10~ moles) was dissolved in 10 ml 
of ethylene chloride in an Erlenmeyer flask fitted with a dropping 
funnel. With constant stirring over a period of thirty minutes, 18.3 
ml of a solution of chlorine in carbon tetrachloride containing 5*3 x 
18 
1C)-2 moles of chlorine was added through the dropping funnel. The 
reaction mixture was stirred for four hours, then allowed to stand over 
night. When the solvent was removed hy vacuum distillation, a white 
gummy solid remained. Recrystallization from ethanol yielded 0.1 Vf g. 
of a white powder, m.p. 105°. Mixed melting point with the dichloro- 
butane prepared in chlorofoim was identical. 
Yield: 7*92#. 
Oxidation of the Dichlorobutene 
The chlorinated diene (0.15 g., 4.3 x 10 ^ moles) was dissolved 
in 10 ml of acetone in an Erlenmeyer flask placed in an ice bath. To 
this solution was added 2.85 ml of an aqueous solution of 0.l8 g., 
1.14 x 10""^ moles of KMhO^ containing 5$> MgSO^ over a period of 20 
minutes at 0°. The solution was allowed to stand overnight. 
The next day the solution, which had become completely filled 
with brown powder was filtered to remove MnOg. White crystals, too 
small to be retained in the glass filter funnel remained in suspension 
in the acetone. The acetone solution was cooled in an ice bath and 
allowed to stand undisturbed for several hours during which time these 
crystals increased in size. They were then removed by filtration. The 
acetone was removed by vacuum distillation leaving 0.0311 g. of a white 
crystalline substance which melted at 82-84°. The reported melting 
point for oC, dichlorohydrocinnamic acid, which would have formed 
from the oxidation of a 3,4- dichloride is 84°. Mixed melting point 
with an authentic sample of c<,y§-dichlorohydrocinnamic acid was 82-84° 
19 
Measurement of Ultraviolet and Visible Spectra of the Diene 
Compound: 1- (p-Carboethoxyphe nyl )-l*-phenylbutadiene-l,3 
Source: Preparation by Thelma C. Ivery 
Solvent : Cyclohexane 
Concentration: lui x 10"3 g/l 
Instrument : Bausch and Lomb Ultraviolet Spectrophotometer, 
Model 305 
Coordinates : Absorbancy vs. Wave length in millimicrons 
Operator: Thelma C. Ivery 
Date : December 20, 1966 
Observations : The compound absorbs between 267 and 38l 
millimicrons 
20 
Measurement of Ultraviolet and Visible Spectra of the Chlorinated Diene 
Compound: Chlorination product of 1-(p-Carboethoxy- 
phenyl)-U-phenylbutadiene-l,3 
Source: Prepared by Thelma C. Ivery 
Solvent : Cyclohexane 
Concentration: 3.5 x 10-3 g/1 
Instrument : Bausch and Lomb Spectrophotometer Model 505 
Coordinates : Absorbancy vs. wave length in millimicrons 
Operator: Thelma C. Ivery 
Date : December 20, 1966 
Observations : Two small peaks appear in this spectrum, one 
at 208 and the other at 256 millimicrons. 
There is no absorbance above 302 millimicrons. 
21 







Ultraviolet and Visible Spectrum of 
1-(p-Carboethoxyphenyl)-Phenyl- 3,4- Dichlorobutene-1 
SUMMARY 
1. In this study, l-(p-carboethoxyphenyl)-l;-phenylbutadiene-l,3 
was prepared by the Meerwein reaction. 
2. Presence of conjugation was confirmed by the Diene Synthesis 
and ultraviolet spectral measurement. 
3. The dichlorobutene was formed by the reaction of a solution 
of the diene in chloroform with a standard solution of 
chlorine in carbon tetrachloride. 
1|. The remaining double bond of the chlorinated compound was 
cleaved by oxidation and a product which would have been 
formed from the 3,1;- dichlorobutene was isolated. 
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